The rapid development of the global system for mobile communication services and the consequent increased electromagnetic field (EMF) exposure to the human body have generated debate on the potential danger with respect to human health. The many research studies focused on this subject have, however, not provided any certain evidence about harmful consequences due to mobile communication systems. On the other hand, there are still views suggesting such exposure might affect the human body in different ways. To reduce such effects to a minimum, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) has declared boundary values for the energy released by the base stations, which are the main source of the electromagnetic fields. These values are accepted by many countries in various parts of the world. The aim of this study was to create EMF intensity maps for the area covered by Istanbul Technical University (ITU) and find areas of potential risk with regard to health considering the current situation and future trends. In this study, the field intensities of electromagnetic signals issued at the frequencies of 900 and 1800 MHz were measured in V/m at 29 pre-specified survey points using a spectrum analyzer (Spectran HF-6065). Geographic information systems and spatial interpolation techniques were used to produce EMF intensity maps. Three different spatial interpolation methods, minimum mean square error, Radial Basis and Empirical Bayesian Kriging, were compared. The results were geographically analyzed and the measurements expressed as heat maps covering the study area. Using these maps, the values measured were compared with the EMF intensity standards issued by ICNIRP. The results showed that the exposure levels to the EMF intensities were all within the ICNIRP limits at the ITU study area. However, since the EMF intensity level with respect to human health is not known, it is not possible to confirm if these levels are safe or not.
Introduction
The usage of wireless networks and mobile communication are increasing daily and it is important to know if current or increasing electromagnetic field (EMF) intensities are harmful for human health. The electromagnetic signals involved are waves with particular frequency and amplitude that may emerge from natural sources as much as from man-made technologies, such as the global system for mobile communication (GSM) services and Wi-Fi networks. There is a strong correlation between usage of wireless communication technologies and the strength of the EMF (WHO, 2016) and this is more evident in certain areas (Hayland, 2000) . As a result, it is inevitable to be exposed to EMF. While radio frequency waves emitted by mobile phones particularly affect the head, waves emitted by the base stations have an impact on the entire body.
Since the 1990s, the development of GSM technologies generate a significant increase on imposed EMF varieties and sources. In Turkey, new technical GSM infrastructures have recently been established with 2G and 3G approaches being replaced with 4.5G technology (BTK, 2015) . As a result of the EMF increase due to the continuing development of GSM systems, the effect of these technologies on human health is currently extensively debated (Özgüner and Mollaoğlu, 2006) . The International Commission on Non-Ionizing Radiation Protection (ICNIRP) has defined limit values for electromagnetic radiation from the base stations intended to minimize potential health effects, particularly aiming at the protection of biological tissues from thermal effects (ICNIRP, 1998) . Many countries have adopted these limit values as standards. The many existing research studies focused on this subject have, however, not provided any certain results. For example, Koivisto et al. (2000) found that EMFs have a measurable effect on human cognitive performance and brain function, while Schüz et al. (2008) report that there is some evidence for an association between radio frequency fields and childhood leukaemia, and Agarwal et al. (2011) have shown evidence that electromagnetic waves can kill neurons, absorb proteins and cause general stress in the human body. On the other hand, many others have found no significant effects between electromagnetic exposure and human health, e.g., Finnie et al., (2006) and Kim et al. (2008) .
Despite the absence of clear results with regard to EMFs and human health, it is important to analyze the intensity values, particularly in areas where high levels can be expected. University campuses, which are generally populated by many active students and instructors, represent such high-risk areas. The Ayazaga campus of the Istanbul Technical University (ITU) was therefore selected as study area measuring EMF intensities at 900 and 1800 MHz frequencies. Our aim was to produce EMF intensity maps (heat maps) to be used for analysis and definition of the relationship between high populations and high EMF intensities.
Basic electromagnetic field information
EMFs are used in so many ways and so many areas that it can be said that it is constantly all around us, e.g., in the form of street and road illumination, telecommunication, remote sensing, defence industry technologies, etc. Its overall intensity increases in parallel with new developments (Sevgi, 2004) . A wave has various features: the period is the time it takes to complete a cycle of upward and downward movement and the frequency is the number of such cycles completed in a second. The distance the wave travels during one period is the wavelength, which is the distance between the sequenced peeks. Wave height is the distance from start position to peak position of the wave. This distance changes in terms of the amount of energy. Its unit is decibel (db). Frequency can be described as the number of waves passing a constant point, i.e. the number of amplitude intervals (or cycles) in a second. Its unit is Hertz (Hz). An electric field is generated by pull and push force on electrical loads. A magnetic field is generated when electric charge carriers, such as electrons, move through space or within an electrical conductor (NASA, 2015) . An electromagnetic wave consists of two orthogonal electric and magnetic fields, which must be analyzed separately. An electromagnetic spectrum is defined as the combination of all the different wavelengths of electromagnetic radiation, including radio waves, visible light and X-rays (Bakshi and Godse 2009) .
Field intensities and standards
There are two types of standards with regard to human health, fundamental and derivative, and they have been defined by ICNIRP. If absorption of electromagnetic energy increases body warmth by 1 o C in a normal-sized human, it is assumed harmful and thus specifies a fundamental limit. It corresponds to a maximum value of tissue absorption per kg of 4W according to research carried out by ICNIRP. The specific absorption rate (SAR) is defined as 10 times the maximum value of tissue absorption rate for business areas and 50 times that value for general and settlement areas (ICNIRP, 1998), i.e.: i) Business areas (Factories, plazas etc.): 0.4 W/kg SAR; ii) General and settlement areas: 0.08 W/kg SAR.
In order to determine the SAR, the EMF intensity in the tissue must be measured. International scientific research committees, such as the Institute of Electrical and Electronics Engineers (IEEE), do these studies and they use a modelling approach (Akleman and Sevgi, 1998) .
The fundamental limits given by ICNIRP concerns the intensity absorbed by the tissues. The electromagnetic power density limits are defined per m 2 and its unit is W/m 2 . According to the opinion expressed by ICNIRP, it would be enough to define the limits in terms of its thermal effect. However, the limits, and how they are defined, are the main source of dispute and there may be differences in this respect between countries and also between international institutions. The accepted limit value according to ICNIRP is 42 V/m (4.5 W/m 2 ) at 900 MHz and 59 V/m (9 W/m 2 ) at 1800 MHz. These values are accepted by Turkey, USA and most countries of the European Union but Italy, France (Paris), Lithuania and Poland accept smaller limit values than ICNIRP for 900 MHz (Gilberti et al., 2009; ITU, 2012; GSMA, 2014) .
The limit values on ICNIRP guide are defined by the results of research on short-and medium-term burning, shock and heat effects on experimental objects. Long-term effects, such as cancerogenic facts are not used for defining limit values because of lacking scientific data. Therefore long-term effects are ignored in the guide (Sevgi, 2000) (Table 1) .
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Base stations
In the field of telecommunication, the base station is the electromagnetic source. The antennas on the base stations transform electric signals to electromagnetic waves. The basic characteristics of antennas can be unidirectional or omnidirectional (European Commission, 2010) (Figure 1) . GSM operators use base stations for connecting communications issued by hand units (the telephones). The antenna on the base station is a crucial part of the system. To allow the waves to travel far, the location of the antenna must be in a high position, i.e. mounted on tall buildings or towers. However, it may also be mounted on building walls or indoors and would then often have less output power. In order to gain output power density, the antenna is often directed both horizontal and vertical. Thus, it will radiate in a sector since there is no reason to transmit power straight up in the air or in directions where no receivers are (Hamnerius and Uddmar 2016) .
The base stations are generally placed on top of a tower 10-30 meters high and the antennas have 5-6 o beam that touches the ground at a minimum of 50 m away from the tower. The EMF intensity, expressed in volts per meter (V/m), issued from a 60W-base station on a 10 m high tower would be very low V/m (please explain this unit) outside of the 50 m radius. However, wrongly placed base stations can exceed the limit values recognized in the standards of ICNIRP or other local institutions (Sevgi, 2000) .
Materials and Methods

Study area
The Ayazaga campus of ITU was selected for the experimental work described here. ITU is one of the biggest universities in Istanbul and has 32,307 students and 1443 academic staff (ITU, 2016.) . The campus area has nine base stations and 29 survey points were established in relatively close connection with these ( Figure 2 ). The area comprises approximately 3 km 2 and includes four technical centres, one small to medium industry development organization (KOSGEB) laboratory, one kindergarten, one elementary school and one high school. Because of these facilities, ITU has a high daytime general population in addition to students and academic staff and is categorized as a sensitive area due to the congregation of many potentially vulnerable people. The measurements of EMF intensities generated by the base stations were compared with the limit values of Italy in this study.
Measurement techniques
In the study, a Spectran HF-6065 portable RF spectrum analyser (Aaronia, Seneca, SC, USA) was used for the measurements. This instrument is equipped both with logarithmic and rod antennas. The former is used for directional measurements, where the antenna is moved to find the direction of the electromagnetic radiation, while the rod antenna measures the electromagnetic field intensity independent of direction. In this study, only the rod antenna was used.
The spectrum analyser used measures frequency bands between 10 MHz and 6 GHz and has a sampling precision up to 60 dB. It presents measurement results as frequency-time charts on its screen and the signal can also be transferred to computers equipped with a USB port. As a result, it is possible to make detailed measurements and analyses (Aaronia, 2016) . In a first step of the measurement of EMF intensities, the locations of the source base stations in the study area were recorded. Then, the effect areas of base stations with 50 m and 300 m radii were established using ArcGIS software (ESRI, Redlands, CA, USA). In a second step, the 29 different survey locations were set up within the 300m-effect areas (Figure 1) . In a final step, the EMF intensities were measured for 15 minutes at every survey point. Measurements were made by establishing constant set-up at the measurement locations with the Spectran® HF-6065 apparatus, a computer and the Spectrum Analyser software.
Spatial statistics
Estimation of values at unmeasured locations can be carried out using values of neighbouring measured locations and spatial statistical interpolation techniques to create a surface that covers both measured and estimated points. This is intended to represent best empirical reality. However, different spatial interpolation methods can result in different estimates and thus the surfaces created vary slightly (Legendre and Legendre, 1998) The latter provides an assessment of prediction errors with estimated variances, while the former does not. Basically radial basis (RB), inverse distance weighting (IDW) and polynomial are deterministic interpolation methods, while regression techniques and Kriging are stochastic methods (Li and Heap, 2008) . The RB completely regularized spline and Empirical Bayesian Kriging (EBK) spatial statistical interpolation methods can be used for mapping. The RB and spline functions can simply be determined as a weighted linear function of distance from grid point to data point without smoothing and bias factor (Goodchild, 2015) . Kriging is a probabilistic predictor.
In this study, all three different spatial interpolation methods, i.e. IDW, RB and EBK, were used and the results compared. The goal was to find the method creating the best representation of reality for the measured EMF intensity. Twenty-nine different survey points were used for measurement of EMF intensity values at 900 MHz and 1800 MHz frequencies creating two signal maps, one for each frequency. Applying the ArcGIS software to the RB Basis completely regularized spline method we created the heat-map for frequencies around 1800 MHz and the EBK method for the 900 MHz frequencies. Bayes' theorem was used according to Krivoruchko (2012) .
Results
The results for RB completely regularized spline method and the EBK are given in Table 2 . The outcome of measuring the EMF intensities between 850 MHz and 1900 MHz at each survey point in the study area are shown in Table 3 using the same codes as in Figure 2 . At the 900 MHz frequency, the highest values were measured at survey point 14 (2.7 V/m) and survey point 15 (1.6 V/m), while the highest values at 1800 MHz were found at survey points 16 (2.89 V/m) and 29 (5.5 V/m).
Survey point 14 was located in front of the Civil Engineering building. This point was covered by two different base stations with a 300 m radius effect area (Figures 2 and 3) . Survey point 15 was in the area of 1 st Technical Centre close to the north-western corner of the campus (Figure 4 ). This point was in the 50 m radius effect area of the base station and there are high-density business areas north of this point. For this reason, this point can also be affected by base stations outside the study area.
Survey point 16 was inside the area of 1 st Technical Centre within the 50m-effect area of the base station ( Figure 5 ) and survey point 29 was located across Istinye Park, which is one of the most popular shopping malls in Istanbul. The survey point was within the 50m-effect area of the base station ( Figure 6 ). The distribution of EMF intensity values at 900 MHz is shown on a map created by application of the EBK interpolation method using the ArcGIS software ( Figure 7 ). As can be seen, the EMF intensity values to the East and in the south-eastern areas are higher than in other parts of the map. The map for 1800 MHz was created by using RB (completely regularized spline) interpolation method with the ArcGIS software. Here, the highest EMF intensities were also found to the East but also in the north-eastern areas (Figure 8 ). These two maps show that there are no higher EFI values than limit values which are defined by ICNIRP. But study area 
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Discussion and Conclusions
Analyzing the maps showing the distribution of EMF intensity in the ITU area, we found all values to be ≤5.5 V/m, i.e. under the limits determined by ICNIRP and also accepted by Turkey.
However, the accepted limit values differ from country to country. In this point, the limits accepted for sensitive areas like universities is 6 V/m in Italy. Considering the EMF intensity values of the north-western area of ITU are very near the Italian limits. The effects of electromagnetic radiation on human health are still a research subject and there are no certain results yet. Since there may well be more unknown such effects than known ones, precautions must be taken and prevention from exposure to EMF be effectuated as much as is possible. In sensible areas like schools, hospitals, the EMF intensity values should be regularly be measured with relatively short periods between, so that limit values are not surpassed. To protect human health, accepted limit values must also be reconsidered and updated whenever new research findings are made available.
There are many unknown issues about human health in connection with EMF and harmful possibilities should always be under consideration as the accepted limit values in Turkey are relatively high. The ITU campus area, in particular, has high EMF intensity values compared to the more sensible area limits of Italy. In addition, signal transmitters in EMF-affected areas should be as far as possible located away from 300 m radius effect area of base stations in sensitive areas.
This study was modelled on the EMF intensity distribution of the ITU Ayazaga campus area, but it can easily be applied to all universities campus areas. Importantly, EMF intensity values which are not generated by base stations should also be measured, mapped and controlled with limit values indoors and outdoors. 
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